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Introduction
Progressive anaemia is common in critical illness and often
requires treatment with repeated blood transfusions, which
are costly and not without risk. The anaemia is usually multi-
factorial; causes include repeated venesection for diagnostic
tests, nutritional depletion of haemopoietic factors, haemo-
lysis, blood loss from the gastrointestinal tract or extracorpo-
real circuits, or depression of haemopoiesis related to the
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Abstract
Background In a prospective observational study, we examined the temporal relationships between
serum erythropoietin (EPO) levels, haemoglobin concentration and the inflammatory response in
critically ill patients with and without acute renal failure (ARF).
Patients and method Twenty-five critically ill patients, from general and cardiac intensive care units
(ICUs) in a university hospital, were studied. Eight had ARF and 17 had normal or mildly impaired renal
function. The comparator group included 82 nonhospitalized patients with normal renal function and
varying haemoglobin concentrations. In the patients, levels of haemoglobin, serum EPO, C-reactive
protein, IL-1β, IL-6, serum iron, ferritin, vitamin B12 and folate were measured, and Coombs test was
performed from ICU admission until discharge or death. Concurrent EPO and haemoglobin levels were
measured in the comparator group.
Results EPO levels were initially high in patients with ARF, falling to normal or low levels by day 3.
Thereafter, almost all ICU patients demonstrated normal or low EPO levels despite progressive
anaemia. IL-6 exhibited a similar initial pattern, but levels remained elevated during the chronic phase of
critical illness. IL-1β was undetectable. Critically ill patients could not be distinguished from
nonhospitalized anaemic patients on the basis of EPO levels.
Conclusion EPO levels are markedly elevated in the initial phase of critical illness with ARF. In the
chronic phase of critical illness, EPO levels are the same for patients with and those without ARF, and
cannot be distinguished from noncritically ill patients with varying haemoglobin concentrations.
Exogenous EPO therapy is unlikely to be effective in the first few days of critical illness.
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inflammatory response, referred to as the anaemia of chronic
disease. In this latter category, a relative deficiency in erythro-
poietin (EPO) or resistance to the action of EPO has been
identified in several studies [1–3]. Because recombinant
human EPO is widely used as replacement therapy to treat
the anaemia of chronic renal failure, and in pharmacological
doses as a substitute for blood transfusion in Jehovah’s wit-
nesses [4,5], it is now being investigated as a treatment for
the anaemia of critical illness [6,7]. EPO therapy has been
shown to result in a reduction in blood transfusion require-
ments in one such study [6], although the cost-efficacy of this
approach is not certain.
EPO is an essential growth factor for erythropoiesis; the stim-
ulus for induction of EPO gene expression is a reduction in
blood oxygen availability [8] from hypoxaemia or anaemia.
EPO is produced mainly by renal interstitial fibroblasts and to
a lesser extent by the liver [8]. Suppression of EPO produc-
tion or effect may be mediated by the inflammatory response.
In animal models IL-1, IL-6 and tumour necrosis factor (TNF)
can all suppress erythropoiesis, and IL-1 and TNF can inhibit
EPO production [9–11], the effects being reversed by exoge-
nous EPO [12].
In chronically anaemic humans, there is an inverse log/linear
relationship between serum EPO levels and haemoglobin
concentration [13]. In patients with acute renal failure (ARF),
EPO production may be impaired from loss of EPO-produc-
ing renal interstitial fibroblasts [14,15]. In critically ill children
without renal insufficiency a blunted EPO response to acute
anaemia and acute hypoxaemia was seen, when compared
with similar stimuli in noncritically ill patients [16]. Most
studies in critically ill adults focus on the longer stay patients
and report an impaired EPO response to anaemia, based on
comparison either with normal reference ranges [2] or with a
control group of patients with nonrenal anaemia [1,3,15]. In
contrast, one study of 10 patients with sepsis or septic shock
in the first 4 days following admission demonstrated marked
increases in EPO levels in those patients who subsequently
died, paralleling changes in the acute phase response [17]. If
exogenous EPO therapy is to have a cost-effective role in the
treatment of the anaemia of critical illness, then these patients
should be excluded. We therefore chose to examine temporal
changes in EPO concentrations during both the acute and
chronic phases of critical illness, in patients with and without
ARF. We also attempted to relate these findings to haemo-
globin concentrations and markers of the inflammatory
response.
Patients and method
Design and setting
This was a prospective observational study. The study
received local ethics committee approval. Informed assent
was obtained from relatives. Patients were recruited from the
general and cardiac intensive care units (ICUs) of the univer-
sity hospital.
Participants
Thirty patients were recruited to the study. The admission cri-
teria were as follows: age 16 years or more; acute failure of at
least one organ system based on the definitions of Knaus and
coworkers [18]; at least 12 hours since ICU admission; the
expectation of ICU care for at least 3 more days; and the
presence of an indwelling arterial cannula for blood sampling.
The exclusion criteria included pre-existing chronic renal
failure, clinically evident active blood loss or coagulopathy, a
primary haematological condition actually or potentially
leading to anaemia, treatment with cytotoxic drugs or
immunosuppressants, a past history of total gastrectomy or
over 50% small bowel resection, or an history of alcoholism.
Demographic data, clinical diagnosis, and subsequent
progress and complications of the patients were recorded.
Severity of illness was recorded using Acute Physiology and
Chronic Health Evaluation (APACHE) II scoring based on
worst values during the first 24 hours.
Study patients were subsequently classified as having either
ARF (group A) or normal/transiently impaired renal function
(group B), on the basis of their serum creatinine and urine
output during the study period. ARF was defined using
Knaus’s criteria of a serum creatinine in excess of 300µmol/l
(upper limit of normal 130µmol/l) and a urine output of less
than 0.5ml/kg per hour. Patients with an elevated serum cre-
atinine on admission to the study were included in the normal
renal function group if the creatinine concentration reverted
to normal (<130µmol/l) within 48 hours in the presence of a
urine output of more than 1ml/kg per hour.
To ensure adequate iron intake, all patients received 200mg
ferrous sulphate (or equivalent) daily. Other than this, the
study was observational and did not affect patient manage-
ment. Blood transfusions were given on the instruction of ICU
medical staff according to the policy in place at the time,
which was to transfuse if the patient was evidently bleeding
or if the haemoglobin concentration was below 9g/dl. All
patients who were not being fed enterally received stress
ulcer prophylaxis with nasogastric sucralfate, or intravenous
ranitidine where this was not possible.
In order to obtain EPO values for anaemia unrelated to renal
failure, we also analyzed outpatient laboratory samples from
82 nonuraemic patients with varying haemoglobin levels,
excluding those with rheumatoid arthritis, sickle cell anaemia
and solid tumours. These are referred to in the text as the
comparator group.
Measurements
Daily blood samples were taken for serum EPO, electrolytes,
creatinine, urea, C-reactive protein, full blood count and arter-
ial blood gases. At recruitment and then three times per
week, samples were taken for reticulocyte count, serum iron,
ferritin and transferrin, IL-1β and IL-6. At recruitment and then
once a week, serum vitamin B12, and folate and red cell folateR37
were measured, and a Coombs test was performed. Sam-
pling was continued until death or discharge from the ICU.
While in the ICU, daily blood loss from sampling and other
sources (including arterial line dead space) was also mea-
sured and the frequency of blood transfusions was recorded.
All concurrent drug therapy was documented.
Blood samples for cytokine assays were spun within 2 hours
and plasma stored at –70°C, and samples for EPO were
stored at –20°C for later analysis. Serum EPO values were
measured by chemiluminescence immunometric assay
(Nichols Institute Diagnostics, Heston, Middlesex, UK) and
values obtained ranged from under 5 to 772mIU/ml. The
normal upper limit of EPO for a heamoglobin above 10g/dl is
35mIU/ml. Serum IL-1β and IL-6 were measured using
enzyme-linked immunosorbent assay (‘Quantikine’, R & D
Systems, Minneapolis, USA). The assay coefficient of varia-
tion for IL-6 and IL-1β was under 10%.
Patient characteristics in the two groups were compared
using the Kruskal–Wallis, χ2, Mann–Whitney U and Fisher
exact tests as appropriate.
Results
Patient characteristics
Thirty patients were recruited. Five were withdrawn because
of early (<3 days) death or discharge from the ICU. Of the
remaining 25 patients, eight had ARF (group A) and 17 had
normal or mildly impaired renal function (group B). The demo-
graphic and clinical characteristics of the two groups are
shown in Tables 1 and 2.
Of the patients in group A, four received renal replacement
therapy with continuous arteriovenous haemodiafiltration; one
received peritoneal dialysis and three required supportive
treatment only. The median (range) serum creatinine concen-
trations on admission to the study are given in Table 1. Serum
creatinine concentrations exceeded 300µmol/l during the
study period in all group A patients, and rapidly fell to or
remained within the normal range in the group B patients.
Patients in group A had a significantly higher APACHE II
score at recruitment, a higher ICU mortality rate and a greater
incidence of blood transfusion than did those in group B.
Changes in haemoglobin, erythropoietin and
interleukin-6
Figures 1, 2 and 3 summarize the changes over time in EPO,
haemoglobin and IL-6 concentrations, respectively, during the
ICU stay for both groups of patients.
A summary of the distribution of EPO levels during the study
is presented in Fig.1. First day values were higher in the
patients with ARF (median value 83.5mIU/ml) than in those
without (median value 9mIU/ml; Mann–Whitney U=36,
P=0.061). EPO levels declined rapidly in the ARF patients,
and by ICU day 3 the two groups were indistinguishable.
EPO values remained low in most patients throughout their
ICU stay. Haemoglobin concentrations fell to between 8 and
11g/dl in most patients (Fig.2). In the 23 patients who devel-
oped moderate or severe anaemia (haemoglobin <10g/dl),
the reticulocyte count exceeded 100×109/l in only nine out
of 78 samples.
Markers of the inflammatory response
IL-6 concentrations ranged from 0 to 686pg/ml (Fig.3;
normal values in health <12.5pg/ml). Levels were high initially
in both groups of patients, presumably reflecting disease
activity, but gradually decreased over time. Higher levels were
Available online http://ccforum.com/content/7/3/R35
Table 1
Demographic data
Group A Group B
(ARF) (non-ARF) P
Number of patients 8 17 –
Age (years; median [range]) 69 (64–77) 65 (30–86) NS
Sex (male:female) 6:2 12:5 NS
ICU stay (days; median [range]) 9 (5–22) 6 (3–30) NS
Admission APACHE II 22.5 (12–33) 15 (6–26) 0.01
(median [range])
ICU mortality (n [%]) 5 (63) 3 (18) 0.035
Hospital mortality (n [%]) 5 (63) 5 (29) NS
Patients transfused (n [%]) 6 (75) 5 (29) 0.043
Total venesection (ml/day) 59±5 57±9 NS
Study venesection (ml/day) 14±1 15±2 NS
CAVHD filter blood loss 67±53 – –
(ml/day; n = 4)
Admission serum creatinine 366 (78–836) 98 (54–230)<0.001
(µmol/l; median [range])
Values are expressed as mean±SD unless indicated otherwise.
APACHE, Acute Physiology and Chronic Health Evaluation; ARF,
acute renal failure; CAVHD, continuous arteriovenous
haemodiafiltration; ICU, intensive care unit.
Table 2
Primary reason for intensive care unit admission
Group A Group B
(ARF; n) (non-ARF; n)
Post-cardiac surgery organ failure 4 5
Major surgery 0 2
Acute respiratory failure 2 5
Severe sepsis 1 1
Post-cardiac arrest 1 3
Guillain–Barré syndrome 0 1
ARF, acute renal failure.R38
seen throughout the study, but particularly at recruitment, in
group A (ARF) than in group B. Concentrations of C-reactive
protein were elevated in all patients on recruitment, and
remained elevated throughout the study in all except two
patients, both with preserved renal function. IL-1β could not
be detected in the serum of any of the patients.
Haematological variables
Indices of red cell volume and haemoglobin content were
normal in all patients at recruitment. Serum vitamin B12 concen-
trations were normal or slightly high in all patients throughout
the study. Serum and red cell folate concentrations were
normal throughout the study, except for two patients with a
slightly low serum folate at recruitment; in both patients this
variable had normalized by the end of the first week. Serum iron
levels were low on recruitment in all except one patient, ranging
from below 1.0 to 12.6µmol/l (normal range 10–32µmol/l
[males] and 5–30µmol/l [females]). Serum transferrin levels
were also low on recruitment in all but three patients, ranging
from 0.57 to 2.46g/l (normal range 2.0–3.6g/l). Serum ferritin
concentrations were more variable (37–2376µg/l) but were
above the normal range (18–300µg/l) in 16 (64%) patients
and were markedly elevated (>1000µg/l) in three patients. This
pattern is typical of acute illness, not iron deficiency [7,19,20].
Seven patients had a positive Coombs test result; one of these
patients had received intravenous immunoglobulin for Guil-
lain–Barré syndrome, three had received penicillin-type drugs,
and in the remaining three no obvious cause was found.
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Figure 1
Box and whisker plot of erythropoietin (EPO) concentrations against
time for all patients. Hollow circles indicate outliers (cases with values
of the variable between 1.5 and 3 times the length of the
corresponding box for that day and group); filled circles indicate
extreme values (cases with values greater than 3 times the
corresponding box for that day and group). ARF, acute renal failure.
Figure 2
Box and whisker plot of haemoglobin concentrations against time for
all patients. Hollow circles indicate outliers (cases with values of the
variable between 1.5 and 3 times the length of the corresponding box
for that day and group); filled circles indicate extreme values (cases
with values greater than 3 times the corresponding box for that day
and group). ARF, acute renal failure.
Figure 3
Box and whisker plot of IL-6 concentrations against time for all
patients. Hollow circles indicate outliers (cases with values of the
variable between 1.5 and 3 times the length of the corresponding box
for that day and group); filled circles indicate extreme values (cases
with values greater than 3 times the corresponding box for that day
and group). ARF, acute renal failure.R39
Blood transfusion
No attempt was made to influence ICU transfusion practice,
which at the time of this study was to give blood to physiolog-
ically stable patients if the haemoglobin concentration was
less than 9g/dl. The requirement for blood transfusion was
greater in those patients with ARF (Table 3). Significant exter-
nal bleeding was not seen in any patient during the study
period, with the exception of one patient in group A. This
patient developed bleeding from an aortoduodenal fistula
20 days after recruitment and received a large transfusion
over the following 2 days before she died; this accounted for
the highest transfusion requirement over the study period of
28 units (Table 3).
Partial arterial oxygen tension
Arterial blood gases were measured frequently in all patients
while in the ICU. The mean daily arterial partial arterial oxygen
tension ranged from 12 to 17kPa.
Comparison with the nonhospitalized patients
Figure 4 shows single paired results of EPO and haemoglo-
bin for the 82 nonhospitalized ambulant patients in the com-
parator group. Haemoglobin concentrations ranged from 5.0
to 15.0g/dl. As expected, there was a negative log-linear cor-
relation between the two variables, represented by the line of
best fit on the graph. The figure also shows median paired
values of EPO and haemoglobin for each of the ICU patients.
The ICU patients are not distinguishable from the noncritically
ill patients on the basis of EPO levels, indicating that there is
no obvious failure of EPO production in this group. The range
of haemoglobin concentrations is narrower in the ICU
patients, influenced by disease and by blood transfusion.
EPO was below the lower limit of detection in six (24%) of
the critically ill patients and 27 (32.9%) of the comparator
group patients.
Discussion
We found that EPO levels are high in the first 48 hours of crit-
ical illness in patients with ARF, suggesting an acute renal
response to injury. These patients also had the highest
APACHE II scores and mortality rates. EPO levels then
decline over time, together with a reduction in haemoglobin
concentrations, and by day 3 in the ICU the EPO levels for
almost all patients are in the low normal range. This indicates
failure of EPO effect rather than failure of production as the
mechanism for the anaemia of critical illness.
The optimal haemoglobin level for critically ill patients is not
known. The study conducted by Hebert and coworkers [21]
showed that transfusion thresholds can safely be set at a
haemoglobin level of 7–9g/dl. The clinical requirement for
blood transfusion in critically ill patients inevitably obscures
relationships between EPO and haemoglobin levels in this
population, which makes it difficult to demonstrate inhibition
of EPO-induced erythropoiesis at more extreme degrees of
anaemia with certainty.
The raised concentrations of IL-6 and C-reactive protein
reflect the acute inflammatory response. Abel and coworkers
[17] studied serum levels of EPO, IL-1 and IL-6 in patients
with sepsis and septic shock. They found that both EPO and
IL-6 levels increased in a manner resembling the acute phase
response, but they only studied patients for up to 4 days fol-
lowing ICU admission. If pharmacological doses of EPO are
to be used to prevent anaemia in critically ill patients, then
treatment should be deferred until the third ICU day, at least
in the more severely ill patients.
Most of our patients presented with a low serum iron, high
ferritin and low transferrin. This pattern is typical of the
anaemia of chronic disease, not iron deficiency, which is
characterized by a low ferritin. These changes occur rapidly in
acute as well as chronic illness [7,19,20], as part of the sys-
temic inflammatory response. The high C-reactive protein and
IL-6 levels combined with the low transferrin and high ferritin
support the view that the anaemia was not a consequence of
iron deficiency. None of the patients suffered from clinically
evident bleeding. However, diagnostic venesection or filter
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Table 3
Blood transfusion
Number of units
Patients of blood transfused
Group n transfused (n [%]) (median [range])
A (ARF) 8 6 (75) 5 (2–28)
B (Non-ARF) 17 5 (29) 2 (2–3)
ARF, acute renal failure.
Figure 4
Analysis of median levels of erythropoietin (EPO) and haemoglobin
(Hb) for cases (using all data from each patient), compared with
comparator group subjects (single data values). (Comparator group
subjects are referred to as ‘controls’.) ARF, acute renal failure.R40
changes in patients undergoing continuous arteriovenous
haemodiafiltration accounted for significant iatrogenic blood
loss (Table 1).
Conclusion
In summary, we found high initial levels of EPO in critically ill
patients with ARF. Levels of EPO decline rapidly, and during
the chronic phase of critical illness levels are indistinguish-
able from those in ambulant patients with nonrenal anaemia,
suggesting a failure of EPO effect rather than production.
These findings support the use of pharmacological doses of
EPO in the chronic, but not the acute, phase of critical illness.
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Key messages
• In patients with ARF, serum EPO concentrations are
raised during the first 48 hours of critical illness
• After this stage, EPO concentrations for patients with
and without ARF are in the low normal range
• If exogenous EPO therapy is to be used in critical
illness, then it is more likely to be effective in the
chronic rather than the acute phase